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(54) TRANSMITTER-RECEIVER, AND METHOD FOR CONTROLLING TRANSMISSION POWER OF 
THE SAME 



(57) A reception quality measurement section (1 08) 
measures the reception quality, a bit judging section 
(1 11) judges whether the TPC bit is 0 or 1 , an amplitude 
reading section (1 12) reads the ratio of the amplitude of 
the signal other than the TPC bit to that of the TPC, a 
cumulating section (113) judges the change and 
changed amount of the transmission power on the 
assumption that the code of the TPC bit is a change of 



the transmission power and that the amplitude ratio is 
the changed amount of transmission power and gives a 
transmission amplifier (104) an instruction, and a multi- 
plying section (114) multiplies the amplitude of the sig- 
nal other than the TPC bit by a correction value 
corresponding to the reception quality and determines 
the amplitude of the TPC bit. 
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Description 

Technical Field 

[0001] The present invention relates to a transmis- 
sion/reception apparatus and its transmit power control 
method of a mobile communication using a CDMA sys- 
tem. 

Background Art 

[0002] A transmission/reception apparatus and its 
transmit power control method in a conventional mobile 
communication are explained using FIG.20. FIG.1 is a 
main block diagram showing an outlined configuration 
of a conventional transmission/reception apparatus. 
[0003] Frame assembling section 1 multiplexes 
transmission data with a TPC bit. Spreading section 2 
spreads/modulates the multiplexed data and BPF 3 
eliminates an unnecessary signal from the spread/mod- 
ulated signal. Transmission amplifier 4 amplifies the 
transmission signal stripped of the unnecessary signal. 
Duplexer 5 controls an input/output signal to/from 
antenna 6. Antenna 6 radiates the amplified transmis- 
sion signal. 

[0004] Antenna 6 receives a transmitted signal. 
Despreading section 7 demodulates the reception sig- 
nal. At this time, received quality detecting section 8 
detects a received quality by calculating a signal inter- 
ference ratio (hereinafter referred to as "SIR") from the 
result of despreading performed by despreading section 
7. 

[0005] TPC bit generating section 9 receives the 
detection result of received quality detecting section 8 
and generates a TPC bit to instruct a far-end station to 
increase transmit power if the received quality falls 
below a desired quality and lower transmit power if the 
received quality equals to or exceeds the desired quality 
to reduce interference with other users. For example, 
the TPC bit is set to 1 if the received quality falls below 
the desired quality and 0 if the received quality equals to 
or exceeds the desired quality. The TPC bit generated is 
sent to frame assembling section 1 and multiplexed with 
transmission data. 

[0006] Determining section 10 acquires reception 
data from the demodulated reception signal and at the 
same time extracts the TPC bit generated and sent by 
the far-end station and determines whether the TPC bit 
is 0 or 1. Accumulating section 11 receives the judg- 
ment result of determining section 10 and instructs 
transmission amplifier 4 to increase or decrease trans- 
mit power according to the result. It is predetermined 
that, for example, if the determination result is 0, accu- 
mulating section 1 1 determines that the instruction from 
the far-end station is to decrease transmit power and 
decreases the current amount of amplification by 1 dB 
and if the determination result is 1 , accumulating sec- 
tion 11 determines that the instruction from the far-end 



station is to increase transmit power and increases the 
current amount of amplification by 1 dB. 
[0007] In this way, the conventional transmis- 
sion/reception apparatus and transmit power control 

5 method maintain appropriate transmit power by the 
transmission/reception apparatuses of both the base 
station and mobile station carrying out transmit power 
control based on the TPC bit in the reception signal. 
[0008] However, in the conventional transmis- 

10 sion/reception apparatus and transmit power control 
method, since an amount of the increase or decrease 
during transmit power control, that is, a range of trans- 
mit power to be increased or decreased based on a 
TPC bit made up of one received bit is a predetermined 

is fixed value (+1 dB in the example above), if this fixed 
value is too large, it is difficult to control transmit power 
appropriately and maintain stability when amplitude var- 
iations are small (during slow fading), whereas if this 
fixed value is too small, poor trackability results when 

20 there are considerable amplitude variations (during fast 
fading). 

[0009] A situation with large amplitude variations 
occurs, for example, when a compressed mode is used. 
A system which provides a pause interval such as com- 

25 pressed mode produces a large difference between a 
control transmit power value and required transmit 
power value which is a target value. 
[001 0] Moreover, the example above has a TPC bit 
made up of one bit, and therefore can only transmit or 

30 receive two values, that is, "increase" or "decrease." 
Therefore, it is also possible to increase an amount of 
information that can be transmitted/received by increas- 
ing assignment to the TPC bit within one slot and finely 
control not only an increase or decrease of transmit 

35 power but also the amount of the increase or decrease. 
However, since the number of bits within one slot is 
fixed, increasing the number of bits used as TPC bits 
will cause a problem of reducing data transmission effi- 
ciency. 

40 [0011] Moreover, in the above example, control is 
limited to increasing or decreasing transmit power even 
if transmit power is appropriate and it is preferable to 
maintain the current value, and thus it is not possible to 
maintain a fixed value, ending up repeating increases 

45 and decreases in short cycles centered on an appropri- 
ate value. 

Disclosure of Invention 

so [001 2] It is an objective of the present invention to 
provide a transmission/reception apparatus and its 
transmit power control method combining trackability 
during fast fading or when a compressed mode is 
applied and stability during slow fading without reducing 

55 data transmission efficiency. 

[0013] The transmission/reception apparatus and 
its transmit power control method in the present inven- 
tion allows the amplitude of a TPC bit to be set apart 
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from other transmission signals. Especially, using not 
only the symbol of a TPC bit but also the amplitude as 
parameters allows the symbol to represent an increase 
or decrease and the amplitude to represent an amount 
of the increase or decrease, making it possible for one 
TPC bit to transmit not only control of a certain amount 
of increase or decrease of transmit power but also con- 
trol by increasing or decreasing transmit power by an 
arbitrary amount of increase or decrease. 

Brief Description of Drawings 
[0014] 

FIG.1 is a block diagram showing an outlined con- 
figuration of a conventional transmission/reception 
apparatus; 

FIG. 2 is a main block diagram showing an outlined 
configuration of a transmission/reception apparatus 
according to Embodiment 1 of the present inven- 
tion; 

FIG. 3 is a main block diagram showing an outlined 
configuration of a received quality detecting section 
according to Embodiment 1 of the present inven- 
tion; 

FIG. 4 is a main block diagram showing an outlined 
configuration of a transmission/reception apparatus 
with a limiter provided between a multiplying sec- 
tion and transmission amplifier according to 
Embodiment 2 of the present invention; 
FIG. 5 is a main block diagram showing an outlined 
configuration of the transmission/reception appara- 
tus with a limiter provided between a received qual- 
ity detecting section and switching section 
according to Embodiment 2 of the present inven- 
tion; 

FIG. 6 is a main block diagram showing an outlined 
configuration of the transmission/reception appara- 
tus with a limiter provided between an accumulating 
section and a multiplying section according to 
Embodiment 2 of the present invention; 
FIG. 7 is a main block diagram showing an outlined 
configuration of the transmission/reception appara- 
tus with a limiter provided between a determining 
section and accumulating section according to 
Embodiment 2 of the present invention; 
FIG. 8 is a main block diagram showing an outlined 
configuration of a transmission/reception apparatus 
according to Embodiment 3 of the present inven- 
tion; 

FIG.9A and FIG.9B are transmission timing charts 
to explain a compressed mode; 
FIG.1 OA and FIG.1 OB are slot diagrams to explain a 
compressed mode; 

FIG.1 1 is are drawings showing variations of a 
channel quality to explain transmit power control in 
Embodiment 3 of the present invention; 
FIG.1 2 are other drawings showing variations of the 



channel quality to explain transmit power control in 
Embodiment 3 of the present invention; 
FIG. 1 3 is a main block diagram showing an outlined 
configuration of a transmission/reception apparatus 
5 according to Embodiment 4 of the present inven- 
tion; 

FIG.14A are graphs showing variations of conven- 
tional control transmit power and SIR; 
FIG.14B are graphs showing variations of control 
10 transmit power and SIR to explain transmit power 
control according to Embodiment 4 of the present 
invention; 

FIG. 1 5 is a main block diagram showing an outlined 
configuration of a transmission/reception apparatus 
is according to Embodiment 5 of the present inven- 
tion; 

FIG. 16 are graphs showing variations of control 
transmit power and SIR to explain transmit power 
control according to Embodiment 5 of the present 
20 invention; 

FIG. 1 7 is a main block diagram showing an outlined 
configuration of a transmission/reception apparatus 
according to Embodiment 6 of the present inven- 
tion; 

25 FIG. 18 are graphs showing variations of control 
transmit power and SIR to explain transmit power 
control according to Embodiment 6 of the present 
invention; 

FIG. 1 9 is a main block diagram showing an outlined 
30 configuration of a transmission/reception apparatus 
according to Embodiment 7 of the present inven- 
tion; and 

FIG.20 is a schematic diagram showing a frame for- 
mat example to explain chip interleaving. 

35 

Best Mode for Carrying out the Invention 

[0015] With reference now to the attached draw- 
ings, the embodiments of the present invention are 
40 explained in detail below. 

(Embodiment 1) 

[0016] First, the transmission/reception apparatus 
45 according to Embodiment 1 of the present invention is 
explained using FIG.2 and its transmit power control 
method is explained using FIG.2 and FIG. 3. FIG.2 is a 
block diagram showing an outlined configuration of the 
transmission/reception apparatus according to Embodi- 
50 ment 1 of the present invention. 

[0017] Frame assembling section 101 multiplexes 
transmission data with a TPC bit. Spreading section 1 02 
spreads/modulates the multiplexed data. BPF 103 elim- 
inates an unnecessary signal. Transmission amplifier 
55 104 amplifies the transmission signal. This transmission 
signal is radiated from antenna 106 via duplexer 105. 
[0018] Antenna 106 receives a transmitted signal. 
Despreading section 107 demodulates the reception 
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signal. At this time, received quality detecting section 
108 detects a received quality from an SIR of despread- 
ing section 107. The configuration of received quality 
detecting section 108 will be described later. TPC bit 
generating section 109 generates a TPC bit based on 
this received quality and sends it to frame assembling 
section 101 . 

[0019] Determining section 110 includes bit deter- 
mining section 1 1 1 and amplitude reading section 1 12. 
Determining section 110 acquires reception data from 
the demodulated reception signal and outputs it. Bit 
determining section 111 extracts a TPC bit from the 
reception signal and determines whether the TPC bit is 
0 or 1. On the other hand, amplitude reading section 
112 reads a ratio of the amplitude of the signal other 
than the TPC bit to the amplitude of the TPC bit in the 
reception signal. 

[0020] Accumulating section 113 obtains the sym- 
bol and amplitude ratio of the TPC bit of the reception 
signal from determining section 110. The symbol indi- 
cates an instruction for an increase or instruction for a 
decrease of transmit power and the amplitude ratio indi- 
cates an amount of the increase or decrease of transmit 
power. Accumulating section 113 can obtain an ampli- 
tude control value to instruct transmission amplifier 104 
to increase or decrease transmit power by an arbitrary 
amount of increase or decrease by combining these two 
conditions. 

[0021] Thus, by making the amplitude of the TPC 
bit variable and using not only the symbol but also the 
amplitude as parameters, it is possible to perform not 
only control of a certain amount of increase or decrease 
of transmit power but also fine control increasing or 
decreasing transmit power by an arbitrary amount of 
increase or decrease. Therefore, it is possible to 
respond not only to fast fading with large amplitude var- 
iations but also to slow fading with small amplitude vari- 
ations. 

[0022] Moreover, if the amplitude of the received 
TPC bit is 0, the amplitude control value, which is the 
output of accumulating section 113, is ±0 and the 
increase or decrease instruction indicated by the TPC 
bit symbol is substantially insignificant and an instruc- 
tion "retain the current value" is sent to transmission 
amplifier 104. 

[0023] Multiplying section 114 has a function to 
instruct transmission amplifier 104 to transmit the TPC 
bit in the transmission signal with a variable amplitude 
based on the received quality, not the same amplitude 
as that of other bits based on the amplitude control 
value calculated by accumulating section 113. That is, it 
is possible to include the received quality by multiplying 
the amplitude control value by a correction value calcu- 
lated from the received quality detected by received 
quality detecting section 108 only during transmit power 
control of the TPC bit. 

[0024] This allows a transmission signal other than 
the TPC bit to be sent with an amplitude as instructed by 



the far-end station and allows the TPC bit to change the 
amplitude as instructed by the far-end station based on 
a ratio as to how far the received quality is from a refer- 
ence and indicate the ratio of the distance from the ref- 
5 erence by the change. 

[0025] This correction value is proportional to a dif- 
ference between the received quality and desired qual- 
ity. That is, the farther the received quality is from the 
received quality, the larger the correction value 

10 becomes, and the smaller the distance, the closer to 1 
the correction value comes. Thus, it is possible to pro- 
vide an amplitude proportional to the requested amount 
of increase or decrease of transmit power control to the 
far-end station for the TPC bit in the transmission signal. 

is The method of calculating the correction value will be 
described later. 

[0026] Switching section 115 has a function to 
switch between pre-stored value "1 " and a value indicat- 
ing the received quality from received quality detecting 

20 section 108 and send either one to multiplying section 
114. This function of switching section 115 makes it 
possible to always maintain the correction value to 1 
when controlling transmit power of bits other than the 
TPC bit and send the correction value from received 

25 quality detecting section 108 to multiplying section 1 14 
only when controlling transmit power of the TPC bit. 
[0027] In this way, it is possible to make variable the 
amplitude of only the TPC bit in one slot of a transmis- 
sion signal with a fixed amplitude and allow the deter- 

30 mining section of the far-end station to read the symbol 
and amplitude. When the amplitude of the TPC bit is 
small, more errors can occur, but this means that the 
amount of transmit power control is small, and therefore 
the influence can be small. 

35 [0028] Then, the configuration of received quality 
detecting section 108 is described in detail using FIG.3. 
FIG. 3 is a main block diagram showing an outlined con- 
figuration of the received quality detecting section 
according to Embodiment 1. 

40 [0029] For a despread signal entered in received 
quality detecting section 108, an SIR is measured by 
SIR measuring section 201 first. Subtracting section 
202 subtracts a reference SIR retained by storing sec- 
tion 203 from the SIR of the measured reception signal 

45 (hereinafter referred to as "measured SIR") and sends 
the result to positive/negative determining section 204. 
Positive/negative determining section 204 determines 
whether the subtraction result is positive or negative 
and sends the result to TPC bit generating section 109. 

so This allows TPC bit generating section 1 09 to determine 
0 or 1, that is, whether to instruct to increase or 
decrease transmit power and generate the bit. 
[0030] Dividing section 205 calculates the ratio of 
the measured SIR to the reference SIR and sends the 

55 result to amplitude converting section 206. Amplitude 
converting section 206 converts the division result, 
which is the input, into a monotonically increasing func- 
tion so that the input and output have a one-to-one rela- 
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tion and sends the output as an amplitude control 
correction value to multiplying section 1 14 via switching 
section 115. 

[0031] As shown above, by calculating the ratio of 
the measured SIR to the reference SIR, it is possible to 
measure or calculate the signal to noise ratio and com- 
pare it with the pre-stored reference SIR and thus obtain 
the difference from the reference, thus allowing the 
received quality of the reception signal to be detected. 
[0032] As the conversion method carried out by this 
amplitude converting section 206, the following method 
can be used for example: 

[0033] Suppose an input to amplitude converting 
section 206 is X, an output is Y. Suppose Y is defined as 
follows: 

Y = SQRT {ABS (10*Log 10 X)} 

where SQRT(Z) is a function that returns a 
square root of Z and ABS(Z) is a function that returns an 
absolute value of Z. 

[0034] Y, which is sent to multiplying section 114, 
plays a part in correcting the amplitude control value, 
which is the output of accumulating section 1 1 3, accord- 
ing to the received quality only during control of transmit 
power of the TPC bit. It is possible to suppress ampli- 
tude variations to a small value more than a correction 
that is directly proportional to errors by using a log and 
a square root as obtained in the mathematical expres- 
sion above. That is, when error X is large it is possible to 
prevent correction value Y from becoming larger than 
necessary, reducing the load on transmission amplifier 
104. 

[0035] As shown above, as opposed to the conven- 
tional TPC bit made up of one bit that could only trans- 
mit binary information of 0 or 1 , the present embodiment 
makes variable the amplitude of the TPC bit in one slot 
during transmission, providing an additional parameter 
of an amplitude value, making it possible to send more 
information with the same one bit, transmit not only a 
request to increase or decrease transmit power to the 
far-end station but also a request of the amount of 
increase or decrease with the TPC bit made up of one 
bit, thus improving the trackability during fast fading and 
stability during slow fading without reducing data trans- 
mission efficiency. 

[0036] That is, this method can send an instruction 
to increase or decrease transmit power by means of the 
symbol of the TPC bit made up of one bit in the recep- 
tion signal and send an instruction about how much 
transmit power should be increased or decreased by 
means of the amplitude of the TPC bit, making it possi- 
ble to send information of an increase or decrease of 
transmit power and an amount of the increase or 
decrease without reducing data transmission efficiency, 
allowing the far-end station to control transmit power 
responding to both fast fading and slow fading com- 
pared to transmit power control that only increases or 



decreases transmit power by a fixed value. Further- 
more, reducing the amplitude indicating the amount of 
increase or decrease to 0 makes insignificant the 
instruction to increase or decrease indicated by the 

5 symbol of the TPC bit, thus making it possible to send 
an instruction to maintain the current value of transmit 
power, which would be impossible when only increasing 
or decreasing transmit power by a fixed value. Thus, the 
present embodiment can receive a transmit power con- 

10 trol request from the far-end station, change transmit 
power accordingly and send a transmit power control 
request to the far-end station calculated from the 
received quality, thus allowing the communication qual- 
ity to be maintained in an optimal state. 

15 

(Embodiment 2) 

[0037] The transmission/reception apparatus 
according to the present embodiment has the same 
20 configuration as that in Embodiment 1, provided, how- 
ever, with a limiter to prevent the transmission amplifier 
from being requested to increase transmit power exces- 
sively. 

[0038] The limiter can be placed 1) between the 
25 multiplying section and transmission amplifier, 2) 
between the received quality detecting section and 
switching section, 3) between the accumulating section 
and multiplying section and 4) between the determining 
section and accumulating section. Cases 1) to 4) will be 
30 explained below using FIG.4 to FIG.7. The parts with 
the same configuration as that in Embodiment 1 are 
assigned the same codes and their detailed explana- 
tions are omitted. 

[0039] The configuration of the transmission/recep- 
35 tion apparatus when a limiter is placed 1) between the 
multiplying section and transmission amplifier is shown 
in FIG.4. In FIG.4, an amplitude control value of transmit 
power sent from multiplying section 1 14 to transmission 
amplifier 104 can be limited by limiter 301. Therefore, if 
40 a communication quality deteriorates because the 
mobile station is located in a fading valley and a request 
to increase transmit power excessively is made to trans- 
mission amplifier 104 as a consequence, it is possible to 
limit the amplitude control value by limiter 301 to pur- 
45 posefully allow quality deterioration preventing exces- 
sive transmit power. 

[0040] The configuration of the transmission/recep- 
tion apparatus when a limiter is placed 2) between the 
received quality detecting section and switching section 

so is shown in FIG. 5. In FIG. 5, it is possible to limit the 
amplitude control correction value to be sent from 
received quality detecting section 108 to multiplying 
section 1 14 via switching section 115 using limiter 401 . 
Therefore, it is possible to prevent the detection result of 

55 received quality detecting section 108 from being dis- 
turbed due to noise or interference, prevent a value 
exceeding the actually necessary correction value from 
being output to multiplying section 114 and prevent a 



5 



9 



EP 1 035 658 A1 



10 



request for an excessive increase of transmit power. 
[0041 ] The configuration of the transmission/recep- 
tion apparatus when a limiter is placed 3) between the 
accumulating section and multiplying section is shown 
in FIG.5. In FIG.6, it is possible to limit the amplitude s 
control value to be sent from accumulating section 1 13 
to multiplying section 114 by limiter 501. Therefore, it is 
possible to prevent an amplitude control value exceed- 
ing the actually necessary control value output from 
accumulating section 1 1 3 from being output to multiply- 10 
ing section 1 14 due to noise or interference and prevent 
a request for an excessive increase of transmit power. 
Furthermore, since in 3), limitation by limiter 501 is per- 
formed before a correction by multiplying section 114, if 
the received original amplitude control value is large, is 
more accurate transmit power control than in case 1) 
where control is performed after a correction by multi- 
plying section 1 14 can be performed. 
[0042] The configuration of the transmission/recep- 
tion apparatus when a limiter is placed 4) between the 20 
determining section and accumulating section is shown 
in FIG.7. In FIG. 7, it is possible to limit an amplitude 
value to be sent from amplitude reading section 1 12 to 
accumulating section 1 13 by limiter 601. Therefore, it is 
possible to prevent an amplitude control value exceed- 25 
ing the actual amplitude value from being output to mul- 
tiplying section 114 due to noise or interference and 
prevent a request for an excessive increase of transmit 
power. 

[0043] By the way, the limiter locations 1) to 4) 30 
above can be established at the same time, and there- 
fore the limiters can be used in any combinations 
thereof. 

[0044] Thus, Embodiment 2 can prevent any exces- 
sive load from applying to transmission amplifier 104, 35 
thus improving stability of the apparatus. 

(Embodiment 3) 

[0045] The present embodiment explains a case 40 
where in compressed mode, an increase or decrease 
and an amount of the increase or decrease of transmit 
power are indicated by the symbol and amplitude of the 
TPC bit. Here, the compressed mode refers to a mode 
in which the spreading factor for data being transmitted 45 
continuously is reduced and transmission is performed 
with power of the part corresponding to the changed 
spreading factor increased instead, thus compressing 
the transmission time as shown in FIG.9 and FIG. 10. 
The compressed mode is sometimes also called "slot- so 
ted mode." 

[0046] The compressed mode allows other carriers 
to be monitored during a free time spared by oompress- 
ing the transmission time. This allows information of dif- 
ferent carriers to be monitored without reducing the 55 
amount of information transmitted during a communica- 
tion. In this case, it is possible to monitor the communi- 
cation and different carriers through a single reception 



section. 

[0047] For example, if the spreading factor corre- 
sponding to normal slot 801 is C as shown in FIG. 1 0A, 
the spreading factor is set to C/2 in compressed mode 
and compressed slot 802 as shown in FIG.10B is pro- 
vided. That is, in compressed mode, for frames a and b 
being transmitted continuously as shown in FIG.9A, 
compressed slots are used for the first half of frame a 
and the last half of frame b as shown in FIG.9B (for 
example, the spreading factor is C/2 and power is twice 
that of normal slot 801). 

[0048] At this time, a transmission stop period 
(pause interval: here 10 ms, for example) is produced, 
and so different carriers are monitored using this period. 
That is, during compressed slot 802, reception is car- 
ried out with frequency f1 and frequency f2 is monitored 
while transmission is stopped. 
[0049] FIG.8 is a main block diagram showing an 
outlined configuration of the transmission/reception 
apparatus according to Embodiment 3 of the present 
invention. The parts with the same configuration as that 
in Embodiment 1 are assigned the same codes and 
their detailed explanations are omitted. Also suppose 
the compressed mode on the transmitting side and the 
compressed mode on the receiving side are asynchro- 
nous (independent events). 

[0050] The transmission/reception apparatus 
shown in FIG.8 comprises compressed mode control 
section (receiving side) 702 that recognizes whether the 
system is in compressed mode or not, compressed 
mode step width controller 703 that controls the step 
width of transmit power control in compressed mode 
and controls transmit power using the sign and ampli- 
tude of a transmit power control bit which indicates an 
increase or decrease and an amount of the increase or 
decrease of transmit power when the compressed 
mode is canceled and compressed mode control sec- 
tion (transmitting side) 701 that indicates whether the 
system is in compressed mode or not. 
[0051] Here, compressed mode control section 
(receiving side) 702 controls compressed mode step 
width controller 703 so that transmit power control for 
the compressed mode is carried out at the time of the 
compressed mode and transmit power control is per- 
formed when the compressed mode is canceled based 
on the symbol and amplitude of the transmit power con- 
trol signal. 

[0052] The operation of the transmission/reception 
apparatus with the configuration above is explained. 
First, on the transmitting side, when compressed mode 
control section (transmitting side) 701 decides to per- 
form transmission in compressed mode, this instruction 
is output to frame assembling section 101, spreading 
section 102 and transmission amplifier 104. 
[0053] Frame assembling section 101 performs 
frame formatting for compressed slot 802 as shown in 
FIG.9B and further specifies a spreading code with a 
spreading factor 1/2 of that of normal slot 801 to create 
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compressed slot 802. Furthermore, frame assembling 
section 101 instructs transmission amplifier 104 so that 
transmission is not performed during the compressed 
mode. 

[0054] On the receiving side, if compressed mode 
control section (receiving side) 702 recognizes and 
decides the compressed mode, it can no longer receive 
the transmit power control bit in the meantime, and thus 
gives the instruction to compressed mode step width 
controller 703 and performs special transmit power con- 
trol during the compressed mode. 
[0055] This special transmit power control can be, 
for example, control that outputs 0 as the transmit power 
control bit during the compressed mode to prevent a 
value before entering the compressed mode from 
changing, control that gives a change predicted from 
past variations, or control that gradually reduces trans- 
mit power, etc. There are no special restrictions on spe- 
cial transmit power control in this compressed mode. 
[0056] In compressed mode, transmit power control 
is not performed appropriately, and therefore when the 
compressed mode is canceled, a transmit power control 
error is by far larger than during normal continuous 
transmission. However, since the present embodiment 
controls an increase or decrease and an amount of the 
increase or decrease of transmit power control using 
the symbol and amplitude of the transmit power signal, 
and especially transmit power control steps can be 
made variable by means of the amplitude of the transmit 
power control bit, it is possible to compensate the trans- 
mit power control error soon after the compressed 
mode is canceled, making it possible to reduce interfer- 
ence with other users and secure the quality of the own 
transmission signal. 

[0057] The trackability status of transmit power con- 
trol for channel variations according to the present 
embodiment is explained using FIG. 11 and FIG. 12. 
Curve (a) in FIG. 1 1 and FIG. 12 indicates a variation of 
the channel quality. According to the conventional trans- 
mit power control method, transmit power control on the 
transmitting side is as shown in (b) and a variation of the 
received quality on the receiving side is as shown in (c). 
In this case, for an excessive quality after the com- 
pressed mode is canceled, it takes a long period of time 
to return to an appropriate quality as shown in (c) in 
FIG.11, and the quality after the compressed mode is 
canceled is not guaranteed for a long period of time as 
shown in (c) in FIG. 12. 

[0058] On the other hand, according to the transmit 
power control method of the present embodiment, 
transmit power control on the transmitting side is as 
shown in (d) and a variation of the received quality on 
the receiving side is as shown in (e). Since this transmit 
power control method is the same as that in Embodi- 
ments 1 and 2, specific explanations are omitted. That 
is, the transmitting side can make transmit power con- 
trol steps variable by means of the amplitude of the 
transmit power control bit, and thus can dynamically 



compensate a large transmit power control error after 
the compressed mode is canceled and converge to the 
desired quality quickly. 

[0059] As shown above, the transmission/reception 
5 apparatus according to the present embodiment per- 
forms transmit power control by an arbitrary amount of 
increase or decrease using the symbol and amplitude of 
the TPC bit made up of one bit as parameters, and can 
therefore achieve trackability that quickly reduces a 
10 large transmit power control error caused by a failure to 
control transmit power in compressed mode, and 
quickly respond to variations in the channel quality. 

(Embodiment 4) 

15 

[0060] The transmission/reception apparatus 
according to the present embodiment has the same 
configuration as that in Embodiment 3, provided, how- 
ever, with a period during which transmission is per- 

20 formed with a transmission amplitude value greater than 
an amplitude value calculated through transmit power 
control immediately before a pause interval. 
[0061] The transmission/reception apparatus 
according to the present embodiment will be explained 

25 using FIG. 13 and FIG. 14. FIG. 13 is a main block dia- 
gram showing an outlined configuration of the transmis- 
sion/reception apparatus according to Embodiment 4 of 
the present invention and FIG. 14 are graphs showing 
variations of transmit power and SIR to explain transmit 

30 power control in Embodiment 4 of the present invention. 
The parts with the same configuration as that in Embod- 
iment 3 are assigned the same codes and their explana- 
tions are omitted. 

[0062] In FIG. 13, pre-pause-interval amplitude set- 
35 ting section 1201 generates an instruction to drastically 
increase control transmit power for a certain period of 
time immediately before a pause interval from the level 
during normal control independently of the level of 
required transmit power and transmits control transmit 
40 power to multiplying section 114 via switching section 
115. 

[0063] Since the start and end timings of the pause 
interval are already known in compressed mode, pre- 
pause-interval amplitude setting section 1201 and 
45 switching section 115 can easily know the pause inter- 
val start timing from compressed mode control section 
(receiving side) 702, thus making the above control pos- 
sible. 

[0064] Then, transmit power control according to 
so the present embodiment is explained using FIG. 14. 
FIG.14A are graphs showing variations of control trans- 
mit power and measured SIR during conventional trans- 
mit power control with a fixed amount of control and 
FIG.14B are graphs showing variations of control trans- 
55 mit power and measured SIR during transmit power 
control according to the present embodiment. 
[0065] According to conventional transmit power 
control as shown in FIG.14A, if required transmit power 
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continues to increase during the pause interval, the SIR 
deteriorates drastically when the pause interval ends 
and transmission/reception restarts. Canceling this 
deterioration in the shortest possible time is the objec- 
tive of Embodiment 3. 

[0066] The present embodiment performs transmis- 
sion with a transmit amplitude value larger than an 
amplitude value calculated from transmit power control 
for a certain period of time immediately before the 
pause interval, that is, an amplitude value for approxi- 
mating to the required transmit power value, and cre- 
ates an interval during which the measured SIR by far 
exceeds the reference SIR beforehand even if the SIR 
drops because control transmission power is much less 
than the required transmission power at the time of the 
restart of transmission/reception after the end of the 
pause interval and the received quality deteriorates until 
control transmission power follows the required trans- 
mission power, thereby making it possible to maintain 
the quality as a whole. 

[0067] In this way, the present embodiment pro- 
vides a period in which transmission is performed with a 
transmission amplitude value larger than the amplitude 
value calculated through transmission power control 
immediately before the pause interval, thereby making it 
possible to alleviate the influence of deterioration of the 
received quality due to a drop of the measured SIR after 
the end of the pause interval. 

(Embodiment 5) 

[0068] The transmission/reception apparatus 
according to the present embodiment has the same 
configuration as that in Embodiment 3, provided, how- 
ever, with a period during which transmission is per- 
formed with transmit power exceeding the required 
transmit power immediately after a pause interval. 
[0069] The transmission/reception apparatus 
according to the present embodiment will be explained 
using FIG.15 and FIG. 16. FIG. 15 is a main block dia- 
gram showing an outlined configuration of the transmis- 
sion/reception apparatus according to Embodiment 5 of 
the present invention and FIG. 16 are graphs showing 
variations of transmit power and SIR to explain transmit 
power control in Embodiment 5 of the present invention. 
The parts with the same configuration as that in Embod- 
iment 3 are assigned the same codes and their explana- 
tions are omitted. 

[0070] In FIG.15, excess amplitude setting section 
1401 acquires a measured SIR from despreading sec- 
tion 107, further acquires the pause interval start and 
end timings from compressed mode control section 
(receiving side) 702, and sets correction values of the 
symbol and amplitude of the TPC bit to perform control 
such that if there exists a pause interval, control trans- 
mit power is further increased even after control trans- 
mit power satisfies the required transmit power for a 
predetermined period of time after the pause interval, 



and outputs the symbol to TPC bit generating section 
109 and the correction values to switching section 115. 
TPC bit generating section 109 generates a TPC bit 
based on the output of excess amplitude setting section 
5 1401 and transmits the TPC bit to frame assembling 
section 101. 

[0071] Then, power control of the present embodi- 
ment will be explained using FIG. 16. FIG. 16 are graphs 
showing variations of control transmit power and meas- 

10 ured SIR when performing transmit power control 
according to the present embodiment. 
[0072] As shown in FIG. 16, the present embodi- 
ment performs transmit power control so that transmit 
power is further increased for a predetermined period of 

is time after the end of the pause interval even after con- 
trol transmit power satisfies the required transmit power. 
The amount of increase or decrease at that time is vari- 
able. 

[0073] As shown in the figures, since performing 

20 such power control modifies transmit power excessively 
even after a measured SIR satisfies a reference SIR, it 
is possible to maintain the quality as a whole even if the 
SIR drops at the time of the restart of transmis- 
sion/reception after the end of the pause interval 

25 because control transmission power is much less than 
the required transmission power and the received qual- 
ity deteriorates until control transmission power follows 
the required transmission power. 
[0074] In this way, the present embodiment modi- 

30 fies transmit power excessively even after the required 
transmit power is satisfied after the end of the pause 
interval, thereby making it possible to alleviate the influ- 
ence of deterioration of the received quality due to a 
drop of the measured SIR on the receiving side after the 

35 pause interval. 

(Embodiment 6) 

[0075] The transmission/reception apparatus 

40 according to the present embodiment has the same 
configuration as that in Embodiment 3, provided, how- 
ever, with an offset value added to the transmit power 
value immediately after the end of the pause interval. 
[0076] The transmission/reception apparatus 

45 according to the present embodiment will be explained 
using FIG. 17 and FIG. 18. FIG. 17 is a main block dia- 
gram showing an outlined configuration of the transmis- 
sion/reception apparatus according to Embodiment 6 of 
the present invention and FIG.18 are graphs showing 

so variations of transmit power and SIR to explain transmit 
power control in Embodiment 6 of the present invention. 
The parts with the same configuration as that in Embod- 
iment 3 are assigned the same codes and their explana- 
tions are omitted. 

55 [0077] In FIG. 17, required transmit power predict- 
ing section 1601 acquires the pause interval start and 
end timings from compressed mode control section 
(receiving side) 702 and, if there exists a pause interval, 
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predicts transmit power necessary to satisfy a reference 
SIR on the receiving side after the end of the pause 
interval and outputs the predicted transmit power to off- 
set setting section 1602. Offset setting section 1602 
sets an offset value of transmit power based on the pre- 
diction result and outputs the offset value to accumulat- 
ing section 113. 

[0078] Then, power control of the present embodi- 
ment will be explained using FIG.18. FIG. 18 are graphs 
showing variations of control transmit power and meas- 
ured SIR when performing power control according to 
the present embodiment. 

[0079] As shown in FIG.18, in the present embodi- 
ment, the first control transmit power value when trans- 
mission/reception is restarted after the end of the pause 
interval is the control transmit power value immediately 
before the beginning of the pause interval plus a calcu- 
lated offset value. That is, the offset value is calculated 
by predicting a required transmit power value at the time 
of the restart of transmission/reception after the end of 
the pause interval in such a way that the control transmit 
power value at the time of the restart matches the 
required transmit power value. This makes it possible to 
minimize the difference between the required transmit 
power value at the time of restarting transmis- 
sion/reception and control transmit power value and 
shorten the period in which the measured SIR is low. 
[0080] In this way, using the control transmit power 
value immediately before the pause interval is started 
plus the calculated offset value as the first control trans- 
mit power value when transmission/reception is 
restarted after the end of the pause interval, the present 
embodiment can minimize the difference between the 
required transmit power value at the time of restarting 
transmission/reception and control transmit power value 
and shorten the period in which the measured SIR is 
low, thus making it possible to alleviate deterioration of 
the received quality after the pause interval. 
[0081] By the way, the method of predicting the 
required transmit power immediately after the end of the 
pause interval is arbitrary in the present embodiment 
and one example of this can be a method of using the 
number of symbols or sum of amounts of increase or 
decrease of the TPC bit before the pause interval as a 
standard. 

(Embodiment 7) 

[0082] The transmission/reception apparatus 
according to the present embodiment has the same 
configuration as that in Embodiment 3, carrying out, 
however, chip interleaving. 

[0083] The transmission/reception apparatus 
according to the present embodiment will be explained 
using FIG.19 and FIG.20. FIG.19 is a main block dia- 
gram showing an outlined configuration of the transmis- 
sion/reception apparatus according to Embodiment 7 of 
the present invention and FIG.20 is a schematic dia- 



gram to show a frame format example to explain chip 
interleaving. The parts with the same configuration as 
that in Embodiment 3 are assigned the same codes and 
their explanations are omitted. 

5 [0084] In FIG.19, chip interleaving section 1801 
subjects each chip of a spread transmission signal to 
interleaving and chip deinterleaving section 1802 rear- 
ranges a reception signal in the reverse order of trans- 
mission chip interleaving. 

10 [0085] Then, the frame format when performing 
chip interleaving will be explained using FIG.20. FIG.20 
shows an example of x16 spreading with 8 symbols per 
one slot. 

[0086] In FIG.20, symbol 0 is spread over 16 chips. 

is At this time, the 16 chips are not placed in sequential 
positions but in groups of 8 chips. This results in chips 
about one symbol distributed to a plurality of slots. 
Thus, chips about one symbol are distributed to slots 
with a high signal quality and slots with a poor signal 

20 quality, which allows the receiving side to maintain each 
symbol to a certain level of quality. This produces a dif- 
ference between the required transmit power and con- 
trol transmit power after the end of the pause interval 
and even if slots of a poor signal quality are produced, 

25 the deterioration of the symbols in those slots can be 
compensated by symbols of slots with a high signal 
quality, thus making it possible to maintain the signal 
quality. 

[0087] In this way, the present embodiment per- 
30 forms transmit power control by an arbitrary amount of 
increase or decrease, and thus can provide trackability 
that quickly reduces a large transmit power control error 
caused by a failure to control transmit power in com- 
pressed mode and average the received quality of each 
35 symbol by carrying out chip interleaving, thus making it 
possible to alleviate deterioration of the received quality 
after the pause interval. 

[0088] By the way, when applying chip interleaving 
to the present invention, a specific method of chip inter- 

40 leaving or chip deinterleaving can be determined arbi- 
trarily and is not limited to the values described here. 
[0089] The present invention is not limited to 
Embodiments 1 to 7 above, but can be implemented 
with various modifications. For example, Embodiments 

45 1 to 7 above can be implemented in combinations 
thereof as appropriate. 

[0090] Embodiments 4 to 7 are applicable to trans- 
mit power control when a compressed mode is used 
and is also applicable independently of transmit power 
so control with an arbitrary amount of increase or decrease 
shown in Embodiments 1 to 3. 

[0091] Furthermore, the present invention is also 
applicable to a system in which an FBI (Feed Back Infor- 
mation) bit is used for the purpose of reducing interfer- 
55 ence by transmit power control during handover. 

[0092] As explained above, since the present inven- 
tion indicates an increase or decrease and an amount of 
the increase or decrease of transmit power using the 
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symbol and amplitude of a TPC bit, it is possible to 
improve the trackability during fast fading or in com- 
pressed mode and stability during slow fading without 
reducing data transmission efficiency. 
[0093] This application is based on the Japanese 
Patent Application No.HEl 10-243743 filed on August 
28, 1998, the Japanese Patent Application No.HEl 11- 
065684 filed on March 11, 1999 and the Japanese Pat- 
ent Application No.HEl 11-178926 filed on June 24, 
1999,entire content of which is expressly incorporated 
by reference herein. 

Industrial Applicability 

[0094] The present invention is applicable to a com- 
munication terminal apparatus such as a mobile station 
and base station apparatus in a digital radio communi- 
cation system. 

Claims 

1. A transmission/reception apparatus comprising: 

detecting means for detecting a received qual- 
ity of a received signal; 

reading means for reading a symbol and an 
amplitude of a TPC bit in the received signal; 
control means for multiplexing the TPC bit with 
a transmission signal and setting an amplitude 
of the transmission signal for each bit; and 
transmitting means for transmitting the trans- 
mission signal with the amplitude set in said 
control means. 



claim 3, wherein said symbol setting means sets 
the symbol using an output from said difference cal- 
culating means, and said TPC bit amplitude setting 
means sets the amplitude using an output from said 
5 ratio calculation means. 

5. The transmission/reception apparatus according to 
claim 1, wherein said reading means comprising: 

w symbol determining means for reading the 

symbol of the TPC bit; and 
amplitude reading means for reading a ratio of 
the amplitude of a signal other than the TPC bit 
and the amplitude of the TPC bit. 

15 

6. The transmission/reception apparatus according to 
claim 1, wherein said general amplitude setting 
means obtains an increase or decrease amount 
from an output from said amplitude reading means, 

20 and sets, as the amplitude of a signal other than the 
TPC bit, a value obtained by adding or subtracting 
said increase or decrease amount to or from an 
amplitude at a previous transmission time based on 
an output from said symbol determining means, 

25 and said TPC bit amplitude setting means sets, as 
the amplitude of the TPC bit, a value obtained by 
multiplying the amplitude of the signal other than 
the TPC bit by an output from said ratio calculating 
means. 

30 

7. The transmission/reception apparatus according to 
claim 3, further comprising a limiter for limiting an 
output from said TPC bit amplitude setting means. 



2. The transmission/reception apparatus according to 35 
claim 1, wherein said detecting means comprising: 

measuring means for measuring a SIR of the 
received signal; 

storage means for storing a reference SIR; 40 
difference calculating means for calculating a 
difference between a measured SIR and the 
reference SIR; and 

ratio calculating means for obtaining a ratio of 
the measured SIR and the reference SIR. 45 



8. The transmission/reception apparatus according to 
claim 2, further comprising a limiter for limiting an 
output from said ratio calculating means. 

9. The transmission/reception apparatus according to 
claim 3, further comprising a limiter for limiting an 
output from said general amplitude setting means. 

10. The transmission/reception apparatus according to 
claim 5, further comprising a limiter for limiting an 
output from said amplitude reading means. 



3. The transmission/reception apparatus according to 
claim 1, wherein said control means comprising: 

symbol setting means for setting the symbol of so 
the TPC bit; 

TPC bit amplitude setting means for setting the 
amplitude of the TPC bit; and 
general amplitude setting means for setting the 
amplitude of a bit other than the TPC bit in the 55 
transmission signal. 

4. The transmission/reception apparatus according to 



11. The transmission/reception apparatus according to 
claim 2, wherein said ratio calculating means con- 
verts a calculated ratio into an increasing function 
to output. 

12. The transmission/reception apparatus according to 
claim 1 1 , wherein said ratio calculating means con- 
verts the calculated ratio into the increasing func- 
tion by a calculation using a log and a square root. 

13. A transmission/reception apparatus comprising: 
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recognizing means for recognizing a com- 
pressed mode for decreasing a spreading fac- 
tor of a signal; 

reading means for reading a symbol and an 
amplitude of a transmit power control signal in 
a received signal; and 

transmit power control means for performing 
transmit power control for the compressed 
mode at the time of the compressed mode, 
while performing transmit power control based 
on the symbol and the amplitude of said trans- 
mit power control signal at the time the com- 
pressed mode is cancelled. 

14. The transmission/reception apparatus according to 
claim 13, wherein said transmit power control 
means comprises amplitude before pause interval 
control means for, at the time of the compressed 
mode, increasing a transmit power value in a prede- 
termined period before a pause interval by a prede- 
termined amount or predetermined ratio. 

15. The transmission/reception apparatus according to 
claim 13, wherein said transmit power control 
means further comprises excess amplitude setting 
means for, at the time of the compressed mode, 
setting a target value in the transmit power control 
in a predetermined period after the pause interval 
at a value higher than a required transmit power 
value. 

16. The transmission/reception apparatus according to 
claim 13, wherein said transmit power control 
means further comprises amplitude after pause 
interval setting means for, at the time of the com- 
pressed mode, setting a value obtained by adding 
an offset value to a transmit power value obtained 
immediately before the pause interval starts, as a 
transmit power value at the time transmission and 
reception restart after the pause interval, and offset 
setting means for predicting a transmit power value 
to be required immediately after the pause interval 
is finished, and setting a difference between a pre- 
dicted value and the transmit power value obtained 
immediately before the pause interval starts as said 
offset value. 

17. The transmission/reception apparatus according to 
claim 16, wherein said offset setting means deter- 
mines the predicted value using the number of sym- 
bols of TPC bits obtained before the pause interval 
or an increase or decrease amount thereof as a ref- 
erence. 

18. The transmission/reception apparatus according to 
claim 13, further comprising: 



10 



15 



20 



transmission data to chip interleaving process- 
ing; and 

chip deinterleaving means for subjecting 
received data to deinterleaving processing for 
each chip. 

19. A communication terminal apparatus comprising a 
transmission/reception apparatus comprising: 

detecting means for detecting a received qual- 
ity of a received signal; 

reading means for reading a symbol and an 
amplitude of a TPC bit in the received signal; 
control means for multiplexing the TPC bit with 
a transmission signal and setting an amplitude 
of the transmission signal for each bit; and 
transmitting means for transmitting the trans- 
mission signal with the amplitude set in said 
control means. 

20. A base station apparatus comprising a transmis- 
sion/reception apparatus comprising: 

detecting means for detecting a received qual- 
ity of a received signal; 

reading means for reading a symbol and an 
amplitude of a TPC bit in the received signal; 
control means for multiplexing the TPC bit with 
a transmission signal and setting an amplitude 
of the transmission signal for each bit; and 
transmitting means for transmitting the trans- 
mission signal with the amplitude set in said 
control means. 



35 21. A transmit power control method comprising: 



detecting step of detecting a received quality of 
a received signal; 

reading step of reading a symbol and an ampli- 
tude of a TPC bit in the received signal; 
control step of multiplexing the TPC bit with a 
transmission signal and setting an amplitude of 
the transmission signal for each bit; and 
transmitting step of transmitting the transmis- 
sion signal with the amplitude set in said con- 
trol step. 



25 



30 



40 



45 



50 



55 



22. The transmit power control method according to 
claim 21 , wherein said detecting step comprising: 

difference calculating step of measuring a SIR 
of the received signal, and obtaining a differ- 
ence between a measured SIR and a pre- 
stored reference SIR; and 
ratio calculating step of obtaining a ratio of the 
measured SIR and the reference SIR. 



chip interleaving means for subjecting spread 



23. The transmit power control method according to 
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claim 21 , wherein said control step comprising: 

symbol setting step of setting the symbol of the 
TPC bit in the transmission signal; 
TPC bit amplitude setting step of setting the 
amplitude of the TPC bit in the transmission 
signal; and 

general amplitude setting step of setting the 
amplitude of a bit other than the TPC bit in the 
transmission signal. 

24. The transmit power control method according to 
claim 23, wherein said symbol setting step com- 
prises the step of setting the symbol using an out- 
put in said difference calculating step, and said TPC 
bit amplitude setting step comprises the step of set- 
ting the amplitude using an output in said ratio cal- 
culation step. 

25. The transmit power control method according to 
claim 21, wherein said reading step comprising: 

symbol determining step of reading the symbol 
of the TPC bit; and 

amplitude reading step of reading a ratio of the 
amplitude of a signal other than the TPC bit 
and the amplitude of the TPC bit. 

26. The transmit power control means according to 
claim 23 wherein said general amplitude setting 
step comprises the steps of: 

obtaining an increase or decrease amount from 
an output in said amplitude reading step; 
setting, as the amplitude of the signal other 
than the TPC bit, a value obtained by adding or 
subtracting said increase or decrease amount 
to or from an amplitude at a previous transmis- 
sion time based on an output in said symbol 
determining step; and 

setting, as the amplitude of the TPC bit, a value 
obtained by multiplying the amplitude of the 
signal other than the TPC bit by an output in 
said ratio calculating step. 

27. The transmit power control method comprising the 
steps of: 



claim 27, further comprising the step of, at the time 
of the compressed mode, increasing a transmit 
power value in a predetermined period before a 
pause interval by a predetermined amount or pre- 
5 determined ratio. 

29. The transmit power control method according to 
claim 27, further comprising the step of, at the time 
of the compressed mode, setting a target value in 

10 the transmit power control in a predetermined 
period after the pause interval at a value higher 
than a required transmit power value. 

30. The transmit power control method according to 
is claim 27, further comprising the step of: 

predicting a transmit power value to be 
required immediately after the pause interval is 
finished, at the time of the compressed mode; 
20 setting a difference between a predicted value 

and a transmit power value obtained immedi- 
ately before the pause interval starts, as said 
offset value; and 

setting a value obtained by adding said offset 
25 value to the transmit power value obtained 

immediately before the pause interval starts, as 
a transmit power value at the time transmission 
and reception restart after the pause interval. 

30 31. The transmit power control method according to 
claim 30, further comprising the step of determining 
the predicted value using the number of symbols of 
TPC bits obtained before the pause interval or an 
increase or decrease amount thereof as a refer- 

35 ence. 

32. The transmit power control method according to 
claim 27, further comprising the steps of: 

40 subjecting spread transmission data to chip 

interleaving processing; and 
subjecting received data to deinterleaving 
processing for each chip. 

45 



performing transmit power control for a com- 
pressed mode at the time of the compressed so 
mode for decreasing a spreading factor of a 
signal; and 

performing transmit power control based on a 
symbol and an amplitude of a transmit power 
control signal at the time the compressed mode 55 
is cancelled. 



28. The transmit power control method according to 
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